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INTRODUCTION 
A computational model has been developed at which simulates the fIlm response to 
the interaction ofx-rays with a sample[l,2]. By using a CAD model as a virtual part, fIlm 
densities of the radiograph are predicted. The number of photons which reach the film is 
based on the thickness of the part, part geometry, and the material absorption coefficient. 
Also taken into consideration are the x-ray beam characteristics, film properties, and the 
experimental configuration. The model generated images can vary in size and resolution, 
depending on the user chosen parameters. Noise is calculated using a Gaussian noise dis-
tribution and adjusted for the film type. The result of this simulation is a two-dimensional 
numerically generated digital image, which represents a radiograph of the part. This result 
can be used to analyze the flaws in an actual radiograph with the same set-up and exposure 
parameters. 
The approach considered in this work was tailored to specific inspection needs, 
rather than generalized applications. Using a detailed x-ray process model, two techniques 
for the enhancement of digitized x-ray radiographs were examined. The first method con-
sidered the subtraction of a model generated image to eliminate the part geometry from the 
digitized image. The second method used the simulation code to generate optimal matched 
filter elements for the detection for cracks and other flaw types known a priori. 
IMAGE SUBTRACTION 
The idea of image subtraction seems quite basic and has been successfully used in 
machine vision applications[3]. Theoretically, an ideal image which is subtracted from the 
image of interest will result in an image of a nearly unifonn field, except for the flaws pre-
sent. In practice, this can be used to eliminate structural features of a part, which make 
traditional image processing difficult [4,5]. 
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In this study, image subtraction is used to reduce the effects of thickness variation in 
a part, due to its geometry, to reveal flaws otherwise undetectable. The part shown in fig-
ure 1, is a CAD drawing of a part from an automobile air conditioner compressor. A por-
tion of this part with several thicknesses and geometries was chosen for to exemplify the 
process. The CAD fIle is used as input to the x-ray measurement model to produce an 
image resembling a radiograph. With the model parameter set to match those of the ex-
perimental set-up, this model generated image can be compared to the actual radiograph. 
This subtraction process becomes complicated when the images used in the process 
are generated by two different methods. Although the modeling program has been verified 
to match actual film results, digitization of the actual radiograph distorts the values of the 
gray scale. The intensity of the light box, the aperature of the camera, and the gain and 
offset of the digitizer, all effect the conversion of the radiograph's density values to gray 
scale values. For proper comparison to the digitized image, the output of the process 
model is adjusted to account for this distortion of data. Since this output is based purely on 
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Figure 1. CAD drawing of a part with complicated geometry. 
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Figure 2. Gray scale calibration for model output. 
the ftlm response, the gray scale intensity map for the predicted film densities must be ad-
justed. The intensities of the model generated image are calibrated to closely match those 
produced by the digitization system at particular settings. A comparison of the gray scale 
mapping of these two methods is shown in figure 2. 
Spatial registration of the images is necessary before subtracting two images. This 
image registry is corrected using an affme transform to warp the model generated image to 
the size and orientation of the real image. This technique adjusts for translation, scale, and 
rotation of the image, while preserving straight lines, parallelism, and scale homogeneity. 
To illustrate the image registry technique and the image mismatch due to the CAD model, 
a subtraction was performed on CT images of a part shown in figure 2. Figure 3a is an 
image of an experimental CT reconstruction. A model generated CT slice of the same re-
gion, shown in figure 3b, is transfonned then subtracted from the first image [6]. The re-
sult is shown in figure 3c. 
Although the match is close in this example, the light and dark regions at the edges 
of the part show the differences in the geometry of the two linages. Since the model gen-
erated reference image is based on the ideal part (ie. CAD model), there is some mismatch 
in the shape of the cross sections. 
Extending this process to a more practical example, a portion of the same part with 
several different thicknesses was examined. In figure 4a, the digitized radiograph shows 
visible flaws in some of the thicker portions of the part, but leaves the remainder of the 
image in a nearly black field. For comparison, a model generated reference image of the 
(a) Original cr image. (b) Model generated CT image. 
(c) Subtracted image. 
Figure 3. lliustration of image regis1ry correction and image subtraction. 
367 
(a) Digitized radiograph. (b) Model generated image. 
(c) Subtracted image. (d) Enhanced subtracted image. 
Figure 4. Image subtraction. 
same portion is created (figure 4b), using the same experimental settings. After registering 
and subtracting the images, details ofthe part's anomalies are shown (figure 4c and 4d). 
Although some of the details of the images are not as apparent in the low resolution 
images used for this printing, two features are of interest. A crack which originates in the 
thick portion of the part and is visible in the original image, actually continues into the 
thinner portion of the part which was previously black. Without the subtraction, the crack 
would have been undersized by 30%. Another feature that is revealed is the "3" near the 
center of the image, which is a raised number marking on the actual part. Although this is 
not a flaw per se, it is a small variation in material thickness which was not detectable on 
the original image. 
This process effectively replaces the need for multiple radiographs for thick and thin 
regions of a part, thus reducing inspection time and speed. This is especially useful in 
automated inspection for a production situation where the same type of part is being re-
peatedly inspected. Some error remains in the process, even with the corrections for the 
orientation and digitized pixel intensity calibration. As previously mentioned, there is 
some mismatch between the contours of the actual part and the CAD model; however, this 
can be corrected. Also, an error may occur if the material of the casting was not the same 
alloy as assumed for the model; the x-ray absorption coefficient would differ, resulting in 
slightly different film densities. Adjustments for these factors will result in better sub-
tracted images. 
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MATCHED FILTER 
Matched filtering is a method used for the detection of characteristic signals known 
a priori. Although the matched ftlter originated for application to pulsed radar detection[7], 
it has been proven effective in two dimensional signal enhancement in images[8-ll]. The 
matched filter is essentially a cross-correlation filter in which the correlation function is 
the ideal or expected signal. This is given by the expression 
M N 
g(m,n) = LL f(i + m,j + n) h(i,j) 
i=i j=i (1) 
wheref(i,j) is the measured image function, h(i,j) is a template containing the ideal ex-
pected signal or flaw function, and (M,N) is the size of the template. A series of filters 
may be necessary to achieve good results when the orientation or type of flaw is unknown. 
These filters may be used separately, combining the results for a fmal unage. This works 
well for crack-like flaws, because a slit ftlter may be used and rotated through several an-
gles to detect cracks in several different orientations (figure 5). 
It was originally predicted that a filter could be chosen by modeling a critical flaw in 
a region of interest in a simulated image. The modeled based filter could meet the minimal 
flaw rejection criteria and account for the geometry of the part in a region. However, it 
was determined that the modeled based ftlters did not significantly improve the flaw de-
tectability over ftlters which were more basic. Also, the large amount of distortion caused 
by using the ftlter over greatly varying background of a complex part, left an image with 
data which was difficult to interpret. 
For high noise, flat field images, the matched filter works ideally by reducing the 
noise and boosting the desired signal, effectively enhancing the flaw or structure. Unfortu-
nately, most objects of interest are not flat plates; however, with unage subtraction images 
may be reduced to nearly flat fields. The unage subtraction of an ideal noiseless model 
generated unage from the actual x-ray unage will remove the geometry of the part from 
the image, leaving noise, the flaws, and some artifacts of the process. A series of matched 
filters may then be run on the new image to further enhance the flaws. 
CONCLUSIONS 
It has been shown that a sunulated unage from an x-ray process model may be used 
to remove the geometry of a part. Although the technique is under development, it is 
shown that there is a significant improvement in the visibility of flaws. Continued work 
must be done to minunize the differences in the CAD model so that the artifacts of sub-
traction are minimized. It is also suggested that this unage subtraction be used as a pre-
processing technique. Subtraction done with a noiseless simulated unage, will not effect 
the noise level in the image. This process leaves a nearly flat field, so that matched filter-
ing can be successfully perfonned. 
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Figure Sa. Original unage with varying angle crack orientation. 
Figure 5b. Filtered unage: summation of small angle results. 
Figure 5c. Filtered iJnage: summation of small angle results with threshold between steps. 
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